A new and highly effective adsorbent has been synthesized through immobilization of Cd(II) protected active sites of humic acid (HA) on chitosan (Chit) using glutaraldehyde (Glu) cross-linker and followed by elution of the Cd(II) protector from the produced material by using Na 2 EDTA. The adsorbent (Chit-Glu-Cd-HA) was then utilized to adsorb Cd(II) in an aqueous solution. The stability of the Chit-Glu-Cd-HA adsorbent towards dissolution at various aqueous medium acidities was the best if compared to the stability of adsorbents obtained through direct immobilization of unprotected HA on chitosan (Chit-HA) and through the glutaraldehyde assisted immobilization of the unprotected HA on chitosan (Chit-Glu-HA). Within the medium acidity range from pH 2 to 12, the dissolved AH from the synthesized Chit-Glu-Cd-HA adsorbent was < 2.1 %(w/w), while that from Chit-Glu-HA and Chit-HA was < 11.2 and 20.1 %(w/w), respectively. For the Chit-Glu-Cd-HA adsorbent, every g of adsorbent contained 497 mg of AH. On the other hand, AH contained in every g of Chit-HA and Chit-Glu-HA was remarkably lower, i.e. 30 and 291 mg, respectively. With 80 % degree of Cd(II) elution from the Chit-Glu-Cd-AH by using Na 2 EDTA 0.05 M, the maximum adsorption ability of the adsorbent for Cd(II) was 5.67 x 10 -3 mol/g and this capacity was significantly higher compared to that of Chit-HA and Chit-Glu-HA, i.e. 1.67 and 0.41 x 10 -3 mol/g, respectively. These adsorption capacity data may indicate that glutaraldehide utilized to immobilize unprotected HA on chitosan consumes the active site of the formed adsorbent. The protection of active sites of HA with Cd(II) before immobilization to chitosan using glutaraldehyde releases the active sites of HA from their obligation to interact with glutaraldehyde and therefore after eluting the Cd(II) protector, the active sites of the immobilized HA are available to be occupied by Cd(II) adsorbed from the aqueous solution.
pH 2 or lower due to the instability of HA in medium acidity with pH higher than 2 2, 3) . To overcome this drawback, many materials such as aminoprophyl 4) , chitin 5) , chitosan 6, 7) , and silica 8) have been tried to be used as support for the immobilization of HA through either direct interaction or using the assistance of a cross-linking agent. All these modes of immobilization have successfully improved the stability of HA, but the performance of the immobilized HA, as measured by its capacity in adsorbing metal cations, did not increase as expected and even in some cases the capacity degraded. This evidence occurs because the responsible active sites of HA and the support material for the adsorption of metal cations interact each other and leads to the consumption of active sites available for the metal cations.
Learning from this evidence, it is now reported the development of a new adsorbent as the product of immobilization of HA on chitosan through cross-linking using glutaraldehyde and application of the adsorbent for the adsorption of Cd(II) from aqueous solution. Unlike the usual immobilization using glutaraldehyde, before the immobilization, the active sites of HA was first protected by Cd(II) and after the immobilization, the Cd(II) protector was released by elution using Na 2 EDTA.
Materials & Methods

Materials
All reagents, HNO 3 
Determination of HA on Adsorbent
The amount of HA contained on adsorbents was determined by desorbing all HA using NaOH 0.1 M. For every g of adsorbent, 50 mL of NaOH solution was employed and maximum desorption was obtained after stirring for as long as 30 min. The quantification of the desorbed HA was performed by UV-Vis spectrometry at wavelength 400 nm 10) .
Determination of Stability of HA on Adsorbent
The stability of HA on adsorbents was performed as follows, 500 mg of adsorbent was poured into a series of 50 mL of 
Determination of adsorption capacity
The adsorption capacity of the prepared adsorbents for Cd(II) was determined by interacting 100 mg of the adsorbents in 50 mL of Cd(II) solution at various concentrations. The interaction was performed at pH 7 for 120 min and after this period of interaction, the mixture was filtered through Wahtman-42 filter paper and the supernatant was analyzed its content of remaining Cd(II) by using AAS (atomic absorption spectrometry). The adsorbed Cd(II) was calculated by subtracting the remaining Cd(II) concentration in the supernatant to the initial concentration of Cd((II).
Results & Discussion
Amount of HA on Adsorbent
With the desorption procedure of HA from the adsorbents as described above, it was found that HA contained on the Chit-Glu-Cd-HA adsorbent was the highest. For every g of Chit-Glu-Cd-HA adsorbent contained 497 mg of HA. On the other hand, HA contained on every g of Chit-HA and Chit-Glu-HA was remarkably lower, i.e. 30 and 291 mg, respectively. It indicates that the remaining Cd(II) complexed on HA after elution using Na 2 EDTA 0.05 M for 24 h plays its function as bridge for the attachment of HA on chitosan.
Stability of HA on Adsorbent
The stability of HA on the Chit-Glu-Cd-HA adsorbent towards dissolution at various aqueous medium acidities was the best if compared to that on Chit-HA and Chit-Glu-HA. Within the medium acidity range from pH 2 to 12, the stability of HA on the synthesized Chit-Glu-Cd-HA was nearly perfect. The dissolved AH from this synthesized Chit-Glu-Cd-HA adsorbent was only < 2.1 %(w/w), while that from Chit-Glu-HA and Chit-HA reached 11.2 and 20.1 %(w/w), respectively (Fig. 1) .
This evidence is caused by the fact that the interaction between HA and chitosan in Chit-HA is an electrostatic interaction between negatively charged carboxyl groups of HA and protonated amine group of chitosan and this type of interaction is very unstable in aqueous medium 11) . In the case of Chit-Glu-HA, the interaction between chitosan and glutaraldehyde occurs through the reaction of amine and/or hydroxyl groups of chitosan and aldehyde group of glutaraldehyde to form imine and/or hemiacetal, respectively 12) , and the interaction between glutaraldehyde and HA occurs also through the reaction of aldehyde group of glutaraldehyde and amine and/or hydroxyl groups of HA to form imine and/or hemiacetal. These imine and hemiacetal are unstable in aqueous medium 13) . As summarized in Table 1 
. , Cu(II) 18) , and Ni(II) 5) , while its immobilization on silica gel improved the adsorption capacity for Ca(II) and Cu(II) 19) . 
Conclusions
Immobilization of HA on chitosan through either direct interaction (Chit-HA) or by the assistance of glutaraldehyde (Chit-Glu-HA) and (Chit-Glu-Cd-HA) was able to stabilize HA from dissolution, but the stability of HA on Chit-Glu-Cd-HA was much more superior. Compared to Chit-HA, the adsorption capacity of Chit-Glu-HA for Cd(II) was 4 times smaller indicating that glutaraldehyde utilized to immobilize unprotected HA on chitosan consumed the active sites of the formed adsorbent used to attract Cd(II). On the other hand, the adsorption capacity of Chit-Glu-Cd-HA was 3.5 times higher than that of Chit-HA. It means the protection and deprotection treatments involved in the development of Chit-Glu-Cd-HA adsorbent enhances the adsorption capacity closes to 14 times.
